Introduction: Accidents involving pedestrians are responsible for many cases of serious injuries and deaths. Crossing streets safely requires complex planning and cognitive demand because it is necessary to perform more than one task at a time. Objective: The aim of this study was to identify electromyographic changes during gait in young subjects who performed the cognitive tasks concurrently. Methods: The study included 17 younger women aged between 18 and 25 years. Data collection was performed on a treadmill. The volunteers were instructed to walk in four different conditions: normal gait (NG), gait with dual easy task (DET), gait with dual hard task (DHT) and gait with dual mixed task (DMT). Results: Significant differences were found between the MN condition to the other conditions for all muscles and, during the NG, smaller values of muscle activation were found. Muscle co-contraction between muscles VM / BF showed a significant difference between the conditions of NG and DMT (p = 0.04) and, during the NG, smaller values of co-contraction were observed. Conclusion: The data of this study permits to conclude that the competition between motor and cognitive resources significantly affects the levels of muscle activation and co-contraction during gait in young adult women. Thus, we conclude that the performance of dual cognitive tasks while driving can be considered a risk factor for safe driving.
Introduction
Pedestrians represent the largest group of people using public roads (1) . Traffic accidents involving pedestrians are responsible for many cases of severe lesions and deaths (2) . According to the World Health Organization, lesions causes by traffic accidents are an increasing public health problem and one of the main causes of death in young adults between 15 and 44 years of age (3).
In Brazil, the number of fatal victims of traffic accidents reaches 38 thousand per year, with trampling representing 26.6% of traffic accidents, being responsible for approximately 46.9% of deaths (4) . Accidents involving pedestrians mostly happen while crossing the street (1) . The large number of accidents involving pedestrians entails high costs for the health systems. Traffic accidents represented a deficit of 5.3 billion reais for public funds (5) . In 2010, the Unified Health System spent about 187 million reais for the hospitalization of 145,920 traffic accident victims (6) .
Crossing the street safely requires complex planning and a high level of cognitive demand, as more than one task needs to be accomplished at the same time, such as paying attention to the signs and traffic, besides walking (7, 8) . Accomplishing dual tasks while walking is a very common daily situation and a prerequisite for a functional life (9) . The dual task is a frequently used method to assess gait, as it permits the division of a primary motor performance task, which is the main focus, and a secondary task, both executed at the same time (10) . Studies appoint that, when the gait happens concomitantly with another cognitively demanding activity, the performance of both tasks can be negatively affected, as gait requires attention and high levels of cognitive resources for planning, monitoring and coordination (11, 12, 13) .
The high economic value associated with the social impact of accidents involving pedestrians gives rise to the implementation of accident prevention programs through intervention based on scientific evidence. Understanding how a situation of rapid decision making and gait can change biomechanical parameters and increase the risk of accidents is very relevant for the creation of public traffic education policies, for the review of signals and accident prevention strategies. Therefore, electromyographic assessment can provide detailed information on muscle activation and co-contraction and support the identification of atypical motor behaviors that can increase the risk for pedestrians.
Hence, the objective in this study was to identify electromyographic alterations during gait in young individuals when performed concomitantly with cognitive tasks. We raise the hypothesis that cognitive challenges during gait alter the muscle activation and co-contraction patterns, predisposing individuals to a greater accident risk.
Methods
The study participants were 17 young women between 18 and 25 years of age, college students who practiced physical exercise at least three times per week. Table 1 shows the subjects' characteristics. The exclusion criteria were the presence of pain, fracture in a bipolar configuration. Before placing the electrodes, trichotomy, fine abrasion and skin cleaning with alcohol were done to avoid possible interferences in the electromyographic signal, (14) . The following muscles were assessed: rectus femoris (RF), vastus lateralis (VL), vastus medialis (VM), long head biceps femoris (BF), tibialis anterior (TA), gastrocnemius lateralis (GL) and soleus (SO). The reference electrode was placed on the right malleolus lateralis. The electrodes were placed in accordance with SENIAM standards (14) .
To analyze the electromyographic data, ten consecutive cycles of gait were used to initiate the NG, DET, DHT and DMT conditions. The cycles were determined by recording at the same time as the electromyographic data collection. The start and end of the cycle were marked by the moment of the longest distance between the reflexive point of the right malleolus and the left metatarsus, during the touch of the right heel (15) . That is the moment when the reflexive point of the right malleolus can be identified best due to the slowing down of the leg segment for the heel to touch the floor.
The electromyographic signals were collected using a 1000Hz sampling frequency and processed through routines developed in a MatLab 7.0 ® environment. After spectrum analysis, the use of a 20Hz high-pass filter, 500Hz low-pass, 60Hz notch, with a gain of 2000 times. The data were rectified to create the linear envelope. The rectified data were interpolated at 501 points on each of the ten gait cycles in each condition to obtain the best data window for all cycles and subjects. Each subject's linear envelope values were standardized by the mean values of the normal gait condition for each muscle.
The co-contraction percentage was calculated by the muscle activation area referring to the linear envelope of the following muscles: RF and BF, VM and BF, VL and BF, TA and GL, and TA and SO according to the equation below, as proposed in (16) . In this equation, the percentage of muscle co-contraction corresponds to the common muscle activation area in the linear envelope of the agonist and antagonist muscles, multiplied by 2 and by 100, divided by the agonist activation area added up to the antagonist activation area. %COCON = 2 x common area A&B x 100 area A + area B
The statistical analyses were developed in the software PASW statistics 18.0 ® . The normality of all variables was verified through the application of the Shapiro-Wilk test. To analyze the muscle activation data, Friedman's Anova and Dunns' Post hoc tests were used to compare the different gait conditions. Significance was set at 5% (p < 0.05).
or severe soft tissue lesion during the six months preceding the study, as well as a history of neurological, cardiovascular or respiratory problems. The volunteers who reported dizziness or discomfort during the tests were also excluded from the sample.
Approval for this study was obtained from the ethics committee at Universidade Estadual Julio de Mesquita Filho, Rio Claro Campus (process 69/2009) and all participants signed the free and informed consent form. The data were collected on a treadmill (Millenium Supra IBRANMED ® ) with the volunteers wearing a parachute safety belt to prevent falls during the tests. Before the start of the data collection, the participants became familiar with walking on a treadmill at their preferred speed (12) .
After getting familiar, the gait tests started, consisting of four distinct gait conditions: normal gait (NG), gait with dual easy task (DET), gait with dual hard task (DHT) and gait with dual mixed task (DMT). The conditions were executed in random order through a simple draw for each volunteer. All conditions took place during three consecutive minutes, in line with the individually selected preferred speed during the familiarization period. In NG, the volunteers were asked to walk on the treadmill at their preferred speed. For the DET, the volunteers answered simple subtraction counts verbally (subtraction of one number), involving randomly chosen figures between 1 and 99, while walking on the treadmill at their preferred speed. During the DHT, the volunteers answered complex subtraction counts verbally (subtraction of seven number), involving figures between 1 and 99. For the DMT, the participants answered simple and complex subtraction counts verbally, involving randomly chosen figures between 1 and 99 (11) .
To collect the electromyographic data, Myoresearch (Noraxon Figure 1 shows the data on the muscle activation of RF, VM, VL, BF, TA, GL and SO, respectively, for the group of young people in the NG, DET, DHT and DMT conditions. Significant differences were found between the NG condition and the other conditions for all muscles. During the NG, low muscle activation scores were found. No significant differences (p > 0.05) were found between the muscle activation of VL to compare DET and DHT, and SO between DET and DMT. For all other comparisons, significant differences were found (p < 0.05). Figure 2 represents the volunteers' performance concerning the co-contraction percentage for the different conditions they were submitted to during the tests. The muscle co-contraction between the VM/BF muscles showed a significant difference between the NG and DMT conditions (p = 0.04). During the NG, low co-contraction coefficients were found. For the other muscles, no significant differences were found in the co-contraction levels among the different dual-task conditions imposed. activation pattern increased during the association of the tasks. One probable explanation is that we propose gait on a treadmill. Despite the familiarization protocol, this is not a daily task, predisposing the subjects to greater cognitive interferences (22) .
Results
Deviating neural resources that are intended for postural control can entail a reduction in postural stability and increased range of mass center oscillations (23, 24, 25, 26) . In our study, increased co-contraction was found in the DMT gait condition between the VM and BF muscles when the dual task was implemented. Some authors (12, 26, 27) observed that the increased co-contraction and performance during tasks associated with primary movement patterns can cause different reactions, according to the demand level of the tasks proposed. The increased co-contraction is mentioned in the literature (28, 29) as a mechanism that can promote increased joint stability in response to stimuli towards disequilibrium when attempting to maintain postural control.
Conclusion
Based on the data in this study, it can be concluded that the competition between motor and cognitive resources significantly affects the muscle activation and co-contraction levels during the gait of young adult women. Hence, we conclude that the accomplishment of dual cognitive tasks during gait can be considered a risk factor for their safe performance. We suggest further studies, involving individuals from populations considered at greater risk for accidents involving pedestrians, like elderly people for example.
The execution of gait should not be considered an exclusively automatic act or a mere reflex, but a process that requires association between cognitive and muscle reactions to produce an appropriate action (11, 17, 18) . Thus, this study intended to identify electromyographic changes during the gait of young individuals, executed concomitantly with cognitive tasks that can predispose these individuals to a higher accident risk. These study results showed a lower muscle activation level during normal gait in relation to the dual-task conditions in all muscles assessed. Concerning the co-contraction percentage, an increase in co-contraction was observed between VM and BF in the dual mixed task condition when compared to the normal gait.
Maintaining the coordination and appropriate sequential muscle activation during gait is a fundamental mechanism to execute the preset trajectory, besides minimizing the energy consumption and improving the function (19) . Adding cognitive tasks can alter the muscle activation pattern during gait due to the neural competition during cognitive processing. When two or more stimuli are happening almost at the same time, the processing time will be longer due to shared capacity limitations (20) . Hence, the execution of an additional task while walking changes the gait (13) . In this study, changes were found in the muscle activation patterns during gait in different cognitive demands. All muscles assessed presented differences in their activation level as a result of the different dual-task conditions. These variations can provoke errors in maintaining the gait parameters and cause inefficiency in maintaining the activity performed (21).
Abbud et al. (11) proposed the association between gait and the solution of mathematical expressions, identified competition for executive resources during their association, denigrating the execution of the motor task and the cognitive task, with a significant increase in mistaken response patterns and in the latent time for reactions while executing a dual hard task. These authors considered that the muscle responses indicated the distribution of neural resources to execute the activities proposed, raising the hypothesis that the increase in the cognitive demand leads to a reduction in the muscle responses associated with the motor tasks proposed.
Our results on the muscle activation profile while performing the dual task do not support the results presented by Abbud et al. (11) as, in our study, the muscle
